Bron and Besson yield criterion has been used to investigate the plastic anisotropic behavior of an aluminum alloy AA5086. The parameters of this anisotropic yield model have been identified by two different methods: a classical one, considering several homogeneous conventional experiments and an exploratory one, with only biaxial test. In this paper, the parameter identification with conventional experiments has been carried out with uniaxial tensile tests and simple shear tests in different orientations to the rolling direction and with a hydraulic bulge test. For comparison's sake, Hill's 48 yield function has also been calibrated analytically from uniaxial tensile tests. Numerical simulation for the cross biaxial test has been carried out with the anisotropic parameters identified from the conventional tests. From this simulation, the principle strains along a specified path in the gauge area of the cruciform specimen have been evaluated. A good agreement is observed between experimental and numerical values of principal strains for a large range of strain paths.
Introduction
Sheet metal forming represents a class of important processes widely used in the manufacture industry. Sheet metals usually exhibit a plastic anisotropy due to previous processes like rolling and annealing. To optimize the numerical simulation of these forming processes, a precise description of the plastic behavior is required. Yield functions are frequently applied to describe the material behavior and to take into account the initial anisotropy and hardening for the subsequent evolution with plastic strain. Yield functions can contain a high number of parameters. The calibration of these parameters requires many mechanical tests with different loading modes. The classical approach is to identify the yield criterion parameters from initial yield stresses and anisotropy coefficients. Barlat and co-authors [1] calibrated the yield function Yld2004-18p with uniaxial tensile tests and hydraulic bulge test. To identify the parameters of BBC2002 yield function, Banabic et al [2] used uniaxial tensile test and cross biaxial test. The cruciform specimen is used to obtain the uniaxial flow stress in rolling direction and transverse direction. The biaxial stress is obtained by dividing the measured force by an effective area. The limit of this approach lies in the imprecision of the determination of the initial yield stress due to the difficulty to define the effective area. Another approach consists in a parameter identification over the temporal evolution of experimental data. Zang et al [3] considered a combination of stress level in uniaxial tension, simple shear test, Bauschinger test and bulge test to identify the Bron and Besson yield function [4] .
In the present article, the plastic anisotropy of an AA5086 is characterized from conventional experiments: uniaxial tensile test, bulge test and simple shear test. From these conventional results, 2 yield functions have been identified: the well known Hill's 1948 yield function [5] and a more sophisticated one, the Bron and Besson yield function. Finally, a biaxial tensile test on a cruciform specimen is proposed. The identified Bron and Besson yield function is then introduced in the FE model of the biaxial tensile test. Comparison between experimental and numerical results of principal strains along a specified path is performed. It is shown that the cross-biaxial test involves a large range of strain paths.
Mechanical behavior of AA5086 sheets of 2 mm thickness
Assuming orthotropic symmetry, ) z , y , x ( are respectively the rolling direction (RD), the transverse direction (TD) and the normal direction (ND). In the frame of a uniaxial tensile test,
are respectively the elongation direction, the transverse direction and the normal direction.
Hill's 1948 yield function.
Hill's 1948 orthotropic yield function is written in the following form: 
where ψ denotes the yield function, σ is the equivalent stress, The yield function ψ consists in two convex functions. k α are positive coefficients, the sum of which is equal to 1. k σ are expressed in the form:
where a , 1 b , 2 b and 1 α ( 
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In this work, the parameters of the Bron and Besson yield function described above have been calibrated by: three yield stresses ( 0 σ , 45 σ and 90 σ ) and three anisotropic coefficients ( 0 r , 45 r and 90 r ) obtained from the uniaxial tensile tests in different orientations; three simple shear stresses ( 0 τ , 45 τ and 90 τ ) from three simple shear tests in different orientations; an equi-biaxial yield stress ( b σ ) and a biaxial coefficient ( b r ) from biaxial tension (bulge test).
Material parameter identification.
In the plane stress condition, xx σ , yy σ , xy σ and yx σ are the only non-zero stress components.
With the associated flow rule:
Strain increment can be written in the form of yield function gradient: (8) Suppose that the uniaxial tensile test is performed along a direction defined by an orientation angle θ from the rolling direction. Then the anisotropic coefficient θ r which is associated with orientation angle θ can be calculated by: 
The biaxial coefficient b r is calculated in the form: The identification process can be carried out by minimizing the following cost function: The major task lies in the optimization of the anisotropic parameters to minimize the cost function. The algorithm Broyden-Fletcher-Goldfarb-Shanno (BFGS) is preferred here. BFGS is an approximate Newton's method, which is a hill-climbing optimization.
Application for AA5086.
Experimental material data for AA5086 is given in Table 1 . The initial yield stress for uniaxial tensile test is determined at the onset of a non-linearity on the equivalent stress versus equivalent strain curve. For simple shear test and hydraulic bulge test, the initial yield point is determined by the offset equivalent plastic strain 0.2%. The anisotropic coefficients ( 0 r , 45 r , 90 r ) are defined as the average value in an equivalent plastic strain range from 5% to 15%. The 12 parameters of Bron and Besson yield function calculated from the experimental data presented above are given in Table 2 . 
Biaxial tensile test
To simplify both the design of the experimental database and the calibration of anisotropic parameters of the yield function, a second method based on a cross biaxial tensile test is currently investigated. This test seems particularly interesting since different strain paths can be obtained simultaneously with a unique specimen. Up to now, few works have been focused on the parameter identification of yield function from the biaxial tensile test. Green et al [6] have performed cross biaxial test with seven different proportional paths to identify the parameters of the yield functions which couldn't be identified by uniaxial tensile test. Teaca et al [7] proposed to identify the FMM yield function [8] in combining results of uniaxial tensile tests and cross biaxial test. Only two parameters of the yield model were calibrated from a strain analysis of the central part of the cruciform specimen.
In this paper, the potential of the biaxial tensile test on a cruciform specimen is analyzed. A cruciform specimen shape has been designed and is shown in Finite element simulations of the biaxial test have been carried out with the commercial software ABAQUS. The anisotropic behavior of the material is modeled by Bron and Besson yield function implemented through the user subroutine UMAT with the parameters calculated above ( Table 2 ). Due to the symmetry of the cruciform specimen, only a quarter of the specimen is modeled.
are imposed on two arms of the cruciform specimen during the simulation process. As presented in Fig. 7 , the principal strains at the nodes along the diagonal path OA (Fig. 5 ) in the gauge area of the specimen have been obtained and compared with the experimental values. The predicted principal strains are quite close to the experimental ones. Fig. 8 presents the experimental and predicted ratio of the principal strains along the path OA. As can be seen, the gauge area of the cruciform specimen contains a large range of strain path: from equi-biaxial to uniaxial strain path, which can be particularly interesting for the parameter identification instead of the above tests used in the conventional approach. The parameter identification process with only cross biaxial tensile test will be carried out in next research works by minimizing the experimental and FE simulated principal strains along different paths. 
Conclusion
This research work focuses on the anisotropic parameter calibration of Bron and Besson yield function used to investigate the plastic anisotropic behavior of AA5086 sheet. The parameters of the yield function have been calculated from a classical approach based on three uniaxial tensile tests, three simple shear tests and a hydraulic bulge test. Numerical simulation of the cross biaxial test has been performed with the parameters obtained by this classical approach. The predicted principal
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The Current State-of-the-Art on Material Forming strains along a specified path in the gauge area of the cruciform specimen are in good agreement with experimental ones. Based on this cross biaxial tensile test, a new identification procedure of the anisotropic parameters of Bron and Besson yield function will be proposed in future works.
